The RAG1 V(D)J recombinase/ubiquitin ligase promotes ubiquitylation of acetylated, phosphorylated histone 3.3.
Histone variant H3.3 is associated with transcriptionally active chromatin and accumulates at loci undergoing preparation for V(D)J recombination, a DNA rearrangement required for the assembly of antigen receptors and development of B and T lymphocytes. Here we demonstrate that the RAG1 V(D)J recombinase protein promotes ubiquitylation of H3.3 that has been heavily acetylated and phosphorylated on serine 31 (acetyl-H3.3 S31p). A fragment of RAG1 promoted formation of a mono-ubiquitylated H3 product that was identified using mass spectrometry as ubiquitylated acetyl-H3.3 S31p. H3 was ubiquitylated at multiple lysine residues, and correspondingly, di-, tri- and higher-order ubiquitylated products were detected at low levels. Ubiquitylation was dependent on an intact RAG1 RING finger/ubiquitin ligase domain and required additional regions of the RAG1 amino terminus that are likely to interact with H3. Acetylated residues within the H3 amino terminal tail were also required. Purified, recombinant H3.1 and H3.3 were not good substrates, suggesting that post-translational modifications enhance recognition by RAG1. A complex including damage-DNA binding protein has also been shown to ubiquitylate H3 in response to UV treatment, suggesting the H3 ubiquitylation may be a common step in multiple DNA repair pathways.